Abstract: Ascorbic acid (AA) is a water-soluble vitamin which shows no fluorescence. However, in reaction with iron(III), AA is oxidised to dehydroascorbic acid and iron(III) is reduced to iron(II) which forms a complex with 2,4,6-tripyridyl-S-triazine (TPTZ) in buffered medium. The relative fluorescence intensity of the resulting Fe(TPTZ) 2 2+ complex can be measured at excitation and emission wavelengths of 393 and 790 nm, respectively. Based on this data, a new indirect spectrofluorimetric method for the determination of AA in pharmaceutical samples was proposed.
Introduction
Ascorbic acid (2-oxo-L-threo-hexono-1,4-lactone-2,3-endiol, AA) also known as Vitamin C is water-soluble vitamin which is very important because it participates in a great variety of biological events concerning electron transport reaction, hydroxylation, the oxidative catabolism of aromatic acid and so on [1, 2] . It is needed by humans to prevent scurvy, a disease of the gums, bones and blood vessels and to increase the body's resistance to infection [3] . Ascorbic acid is a vital vitamin in the diet of humans and has been used for the prevention and treatment of the common cold, mental illness, infertility, cancer (because it has been identified as an in vivo radical scavenger) and AIDS. Therefore, the analysis of food products and pharmaceuticals containing this vitamin assumes significance, and it is essential to develop a simple and rapid method for its determination in routine analysis. According to the literature, the development of new methods for the determination of AA is increasing because of the wide variety of samples for analysis and the influence of different matrices [4] .
Results and Discussion
This paper reports the development of a new indirect method for determination of AA based on fluorescence of complex Fe(TPTZ) 2 2+ . The reaction mechanism of the method is based on the coupled redox-complexation reaction between AA, Fe 3+ and TPTZ. The ferric ion Fe 3+ , is reduced by ascorbic acid producing ferrous ion, Fe 2+ , which is coupled with TPTZ to give a blue coloured complex, Fe(TPTZ) 2 2+ [10, 14, 15] which shows fluorescence. The whole reaction is shown via two equations: 
where H 2 A is the reduced form of AA and DA is the oxidized form. The decrease in fluorescence intensity is proportional to the AA concentration.
Determination of Wavelength for Maximum of Excitation and Emission
Excitation and emission spectra were recorded in the 200-450 nm range for excitation wavelengths and 600-850 nm for emission. Measurements of fluorescence spectra were made using 10.0 nm excitation and emission slit widths and scan rates of 500 nm¨min´1. The spectra of reaction mixtures (acetic buffer, TPTZ and Fe 3+ ) without addition of AA were recorded first. There were no peaks in the observed ranges. Spectra were again recorded with addition of AA to the reaction mixture (acetic buffer, TPTZ and Fe 3+ ) in the same range of the wavelengths for excitation and emission and the same instrumental parameters. Two peaks appeared at the excitation and emission wavelengths of 393 and 790 nm (Figure 1 ). 
Optimization of Experimental Condition for the Proposed Method
Influence of the reaction conditions, such as acidity of acetic buffer, concentration of TPTZ and iron(III), reaction time and instrumental parameters were carefully investigated at a fixed concentration of AA (0.295 × 10 −3 mol·L −1 ). The univariate method was applied to optimize experimental variables. One by one variables were changed in the experiments, while others were kept constant.
Influence of pH
After reduction of iron(III) with AA, the iron(II) formed reacts with TPTZ and forms a deep blue complex of Fe(TPTZ)2 2+ in the pH range of 3.4-5.8 [16] . The effect of pH on the relative intensity of fluorescence was examined in the range of pH from 3.30 to 3.75 using 0.5 mol·L −1 acetic buffer. The influence of pH was determined at a fixed concentration of AA of 0.295 × 10 −3 mol·L −1 . As the pH increased there was an increase in the relative fluorescence intensity (Figure 2 ) but above pH = 3.75 iron(III)hydroxide precipitated [17] , so the optimum pH was set at 3.6 because this would prevent iron precipitation and give the highest fluorescence peak intensity. 
Influence of the Concentrations of Iron(III) and TPTZ
The influence of the concentrations of TPTZ and iron(III) on the relative fluorescence intensity was studied in the range of TPTZ concentrations from 8.0 × 10 −4 to 20.0 × 10 −3 mol·L −1 and 1.6 × 10 −3 to 30.0 × 10 −3 mol·L −1 for iron(III). The highest fluorescence intensity for TPTZ was at a concentration of 10.0 × 10 −3 mol·L −1 and for iron(III) it was seen at 20.0 × 10 −3 mol·L −1 . Those concentrations were used as the optimal concentrations for the further investigations. Concentrations of TPTZ and iron(III) lower and the higher than the optimal ones not give satisfactory signal intensity and linearity. 
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Reaction Time
After finding the optimal concentrations of TPTZ and iron(III) the reaction times for different concentrations of AA ranging from 10´3 to 10´6 mol¨L´1 were examined. It was shown that after 4 min the signal was stable and the measurements can be performed [18] . The stability of the signal over a 30 min period was also examined. It was observed that signal decreased slightly after 10 min and after 30 min is started to be lower.
Calibration Curve, LOD and LOQ
Under the optimal conditions the calibration curve obtained was linear in the concentration range from 5.4ˆ10´4 to 5.4ˆ10´6 mol¨L´1 with a correlation coefficient of 0.9971. The calibration graph obeyed the equation y = 18.616x + 5.0852. The limit of detection (LOD) was 7.7ˆ10´7 mol¨L´1 based on 3σ of a blank solution (n = 24). The limit of quantification (LOQ) calculated as 10σ of a blank solution (n = 24) was 2.3ˆ10´4 mol¨L´1. RSD was 1.6 % for a concentration of 2.6ˆ10´4 mol¨L´1 (n = 27).
Accuracy, Precision and Repeatability
The accuracy of the proposed method was demonstrated by repeatability of measurements of fluorescence intensity for different concentrations of AA in the range 2.99ˆ10´3 to 5.95ˆ10´5 mol¨L´1. All solutions were prepared in triplicate. Intensity of fluorescence was recorded and the SD, %RSD and recovery were calculated. The results are shown in Table 1 . For estimating the precision and repeatability of the proposed method periodic measurements of the fluorescence intensity of a same freshly prepared standard solution of AA (0.119ˆ10´3 mol¨L´1) was checked. Each time the concentration was prepared in triplicate (n = 15 at each concentration level). Obtained results were taken for calculating SD and %RSD. The results are shown in Table 2 . The recovery of AA added to the two different concentrations of AA is shown in Table 3 . Two concentrations of AA (0.3 and 0.15 mmol¨L´1) were spiked with one concentration of AA (0.075 mmol¨L´1) and the total concentration and recovery were calculated. All solutions were prepared in triplicate (n = 15 at each concentration level). 
Sample Preparation
The samples that were used for the analysis were various commercial pharmaceutical preparations. Pharmaceutical samples (tablets, effervescent tablets and capsules) were first weighed, then powdered in a mortar. A suitable amount of powdered sample was weighed and dissolved in 0.1 mol¨L´1 of acetic acid, transferred to a 50.0 mL calibrated flask and diluted to the mark with 0.1 mol¨L´1 acetic acid. The sample solutions were then centrifuged at 5000 rpm for 10 min. The influence of the centrifugation at 10,000 and 15,000 rpm for 10 min was also examined, and there was no significant impact on the results so for the further investigations 5000 rpm for 10 min. was chosen as optimal. After the samples were centrifuged, further dilutions were made with 0.1 mol¨L´1 acetic acid and the resulting solutions were adjusted to the required experimental conditions (pH, concentration of reagent, time reaction and instrumental parameters). The results were calculated from a calibration curve using AA as a standard (Table 4) . Results obtained with proposed method show a good agreement with those obtained by a titrimetric method and the amount of AA stated on the sample declarations provide by the manufacturers.
No pre-treatments of the samples are required aside from solubilisation and centrifugation of the samples. The AA contents of the analysed samples were higher than stated in the declarations. The content of AA for the sample that contains bioflavonoids calculated as hesperidin (Bio-C), was higher than the result obtained by the titrimetric method. In the sample that contained paracetamol as major component such as the Fabricet sample, the content of AA was higher. For the Grippostad sample that contained paracetamol and some additional components, the content of AA measured with the proposed method is in agreement to the content of AA according to the labeled value.
The presence of Zn in the investigated sample showed an impact on the relative fluorescence intensity. Based on this data, the influence of bioflavonoids, metals such as Zn and Fe, and paracetamol on the relative fluorescence intensity was examined (Table 5) . 
Interferences
Possible interfering substances such as rutin, quercetin and hesperidin, sorbitol, calcium carbonate, magnesium carbonate, citric acid, paracetamol, zinc chloride and iron(II) sulphate were examined. The influence of possible interfering substances on the relative intensity of the fluorescence signal was examined by analyzing standard solutions of AA at two different concentrations of 0.096 and 0.0096 mg¨mL´1 and three different concentrations of the interfering substances. Concentrations of interfering substances were higher, lower and same order of magnitude as the concentration of AA ( Table 5 ).
All of these substances can be found in pharmaceutical samples as ingredients or other components which are present together with AA. An error of˘5% was considered tolerable. It should be noted that if the concentrations of interfering substances are ten or more times lower than the concentration of AA they do not interfere. The concentration of examined interfering substances was higher than those typically found in pharmaceutical samples. The influences of investigated inferences such as MgCO 3 , CaCO 3 , citric acid and sorbitol can be prevented by centrifugation and dilution, unlike bioflavonoids, Zn, Fe, Se which required some other different treatments.
Iron(II)sulphate showed major impact on signal intensity. This happens because of the reaction between TPTZ and iron(II). Iron(II) was removed by adding EDTA (10´4 mol¨L´1) before analysis and this was shown to be good practice (Table 6 ). Also in one sample which contained Se, EDTA was added and the result after that treatment was better than a previous analysis without adding EDTA. EDTA had no influence on formation of the Fe(TPTZ) 2 2+ complex [18, 19] .
The presence of Zn in the investigated sample showed an impact on the relative fluorescence intensity. The AA content result of this sample was higher than that obtained by titration. EDTA was added to the analysed sample before centrifugation and the result obtained for a sample which contained 3.3 mg of Zn after analysis with the proposed method was in agreement with that obtained by titration (Table 6 ). Two samples which contained paracetamol were analyzed and the results showed that paracetamol has an impact on the fluorescence intensity. If paracetamol is a major component like in the Fabricet sample (containing 200 mg of AA and 330 mg of paracetamol) unlike the Grippostad sample (containing 150 mg of AA, 200 mg of paracetamol, and caffeine), the amount results were somewhat higher.
The samples that contained bioflavonoids showed a higher content of AA than that stated on the labels. Bioflavonoids that can be found as additional components are rutin, quercetin and hesperidin. Removing the bioflavonoids by complexation with La(III) followed by extraction with ethyl acetate [20, 21] was not proved to be good practice for this method (Table 6 ).
Applications
The application of the proposed method for estimation of the content of AA in pharmaceutical samples was check out by analysing different types of pharmaceutical samples (tablets, capsules, effervescent tablets) with different auxiliary and additional components. All analysed samples contained different amounts of AA. Results obtained by the proposed method were correlated with data obtained by titration with iodine and the amount of AA claimed on the label. It could be concluded that proposed method can be applied to pharmaceutical samples which do not contain bioflavonoids and paracetamol as major components.
Performance characteristics such as linearity range and LOD of reported spectrofluorimetric methods for the determination of AA and the proposed method were compared (Table 7) . From the table it can be seen that some methods have narrower linear range [11, 24, 25, 30, 31] while other have a wider one than proposed method [12, 22, 23] . The detection limit of the proposed method is lower than that of other methods [22, 26, 32] , while some of them have better LOD [12, 23, 24] . Comparing the results with those of other methods for the determination of AA such as spectrophotometry based on different types of reagents: Cu 2+ and neucuproin (linearity range 0.1-4.0 µg¨mL´1; LOD 40 µg¨mL´1) [33] , derivative spectrophotometry (linearity range 2.0-10.0 µg¨mL´1) [34] , leucomalachite green (linearity range 0.032-0.32 µg¨mL´1) [35] copper(II)-ammonia complex (linearity range 0.8-6 mmol; LOD 0.26 mmol) [36] , guadinium salts of 1-bismuto-11-molybdophosphoric heteropolyacid (linearity range 0.05 to 0.3 g¨mL´1; LOD 15 µg¨mL´1) [37] iron(III)thiocyanate complex (linearity range up to 100 µg¨mL´1; 0.36 µg¨mL´1) [38] with different types of samples it is notable that some methods have better linear range or LOD, but some of them require more complex sample preparation steps (extraction, filtration) for the analysis. Numerous methods have been reported for the determination of AA in different types of samples and more are to come. Spectrophotometric and fluorimetric methods among the other methods are commonly used in routine analysis of AA content. The reason for this is that they are cheap, simple to operate, rapid and sensitive. Every reported method is shown to find application in the analysis of different types of samples. 
Experimental Section

Reagents
All reagents used were analytical grade and all solutions were prepared with ultra-pure water (conductivity was: 0.055 µS¨cm´1, expressed as resistivity of 18.2 MΩ¨cm´1 and TOC was 0.02 ppb). Ascorbic acid (AA, Gram-mol, Zagreb, Croatia) stock solution (2.95ˆ10´3 mol¨L´1) was prepared daily (because the stability of AA is about 3 h) by transferring an appropriate amount of AA into a 50.0 mL calibrated flask and diluting to the mark with 0.1 mol¨L´1 acetic acid. Addition of acetic acid is recommended in order to avoid the oxidation of AA in air. Acetic acid is an effective stabilizer and oxidation of AA is slower in it. Working solutions of lower concentration were prepared immediately before use by dilution of stock solution with 0.1 mol¨L´1 acetic acid [39] .
A stock solution of iron(III) (Panreac, Barcelona, Spain) (20.0ˆ10´3 mol¨L´1) was prepared by transferring 540 mg of iron(III)chloride hexahydrate into a 100.0 mL calibrated flask and diluted to the mark with 0.05 mol¨L´1 hydrochloric acid. A stock solution of TPTZ (Merck, Darmstad, Germany) (10.0ˆ10´3 molˆ25.0 mL with ultra-pure water. A stock solution of TPTZ was stored in a dark bottle at 4˝C and it is stable for one month. Acetate buffer, pH 3.6, was prepared by mixing 186.98 mL of 0.5 mol¨L´1 acetic acid with 13.02 mL of 0.5 mol¨L´1 sodium acetate.
Pharmaceutical samples used for analysis were commercially available. The solutions of pharmaceutical preparations were prepared by dissolving suitable amounts of the samples in a 50.0 mL calibrated flask and diluting to the mark with 0.1 mol¨L´1 acetic acid.
The following commercial pharmaceutical samples have been analysed by the proposed method: (a) Vitamin C tablets (containing AA 500 mg; Alkaloid, Skopje, FYR Macedonia); (b) Plivit C 500 tablets (containing AA 500 mg, starch, magnesium stearate, lactose, polyvinyl alcohol and other excipients; Pliva, Zagreb, Croatia); (c) Plivit C 50 tablets (containing 50 mg of AA, starch, magnesium stearate, talc and other excipients; Pliva, Zagreb, Croatia); (d) Fabricet effervescent tablets (containing 200 mg of AA and 330 mg of paracetamol, lactose monohydrate, sodium benzoate, citric acid, saccharin, etc.; Hemofarm, Vrsac, Bosnia and Herzegovina); (e) Grippostad C capsules (containing 150 mg of AA, 200 mg of paracetamol, caffeine, chlorphenamine hydrogen maleate, lactose monohydrate, gelatin, etc.; Stada, Bada Vilbel, Germany); (f) Vitamin C effervescent tablets, Day by Day (containing 160 mg of AA, citric acid, starch; Kruger Gmbh & Co, Bergisch Gladbach, Germany); (g) Vitamin C effervescent tablets (containing 180 mg of AA, citric acid, sodium hydrogen carbonate, oligofructose, starch; Schneekoppe, Buchholz in der Nordheide, Germany); (h) Vitamin C DM effervescent tablets (containing 240 mg of AA, citric acid, sorbitol, corn starch; DM, Karlsruhe, Germany); (i) Vitamin C KPlus effervescent tablets (containing 180 mg of AA, citric acid, starch, etc.; Kruger); (j) Vitamin C tablets (containing 500 mg of AA; ZADA, Tuzla, Bosnia and Herzegovina); (k) Eisen + vitamin C effervescent tablets (containing 160 mg of AA, 125 mg of iron(II)lactate, vitamin B12, folic acid; Fit + vital, Müller, Hövelhof, Germany); (l) Vitamin A + C + E + Se effervescent tablets (containing 100 mg of AA, starch, maltodextrin, sodium selenite, β-carotene, oligofructose; Kruger, Bergisch Gladbach, Germany), (m) Zink + C effervescent tablets (containing 400 mg of ascorbic acid, 3.3 mg of Zn, citric acid, sorbitol; DM, Karlsruhe, Germany); (n) Bio-C 500 tablets (containing 500 mg of AA and at least 30% bioflavonoids calculated as hesperidin, magnesium stearate, hydroxypropylmethylcellulose; Dietpharm, Bestovje, Rakitje, Croatia).
For the validation experiments a 0.01 mol¨L´1 iodine solution was prepared and standardized according to the literature. The iodine method is recommended by the European Pharmacopoeia (2008) as the standard method for determination of AA in pharmaceutical preparations [40] .
Apparatus
Fluorescence measurements were carried out on lambda LS 55 luminiscence spectrometer (Perkin-Elmer, Buckinghamshire, UK) equipped with a xenon lamp. pH adjustments of were measured on a digital pH meter (PHYWE, Göttingen, Germany).
Procedure
The reagent for the reaction with AA was a mixture of acetic buffer, TPTZ and iron(III) in a molar ratio of 10:1:1 that was prepared freshly before analysis [41, 42] . After mixing all chemicals in the order acetic acid buffer, TPTZ and iron(III), it is recommended for the mixture to stand for 30 min before analysis at room temperature. The reagent (2 mL) was mixed with AA (1 mL) in s range of concentrations from 2.95ˆ10´3 to 2.95ˆ10´7 mol¨L´1, and the fluorescence intensity signal was measured. The blank solution was a mixture of the abovementioned reagents but without addition of AA. The signal of the blank solution was taken into account.
Conclusions
The proposed method is simple and easy to perform and has good sensitivity. Good LOD and LOQ were obtained. Preparation of samples for analysis is very simple. It has a low cost for instrumentation and reagents compared to some other methods such as chromatographic methods. Furthermore, to our knowledge there are no other reports on indirect spectrofluorimetric methods for estimating AA content with TPTZ. A limitation of the method exists only for samples that contain bioflavonoids and paracetamol as a major component. The proposed method meets requirements of a reliable routine analysis in the pharmaceutical industries since it is sensitive, selective, simple and economic.
